Amorphous Ti 2 0 3 films with thicknesses ~ 10 3 A have been obtained by cw laser irradiation of TisuZr JOBe4o exposed to low oxygen pressures. In contrast, thermal oxidation of (nonirradiated) samples reveals scales composed of crystalline oxides. Raman scattering, x-ray, and electron microscopy data on the layers are reported. It is suggested that irradiation leads to an enhanced oxidation rate preventing crystallization. Possible mechanisms of enhancement are discussed.
3 Thicker layers can be obtained from other techniques, one of which is the related anodic oxidation. 4 Oxides formed at low potentials on, e.g., AI, Ta, or Ti are found to be noncrystalline. s The factors which determine the resulting amorphous or crystalline structure of a forming oxide have not been well characterized. 1-5 Nevertheless, it appears that mechanisms leading to enhanced oxidation rates (that are not accompanied by a larger increase in the rate of crystallization) should favor amorphous growth. Enhanced oxidation upon exposure to a photon flux has been recently shown for Si.
6 ,7 To our knowledge, there has not been any report on the formation of amorphous oxides induced by irradiation. 8 In our experiments, samples of the glassy-metal TisuZr JOBe4o have been exposed to oxygen pressures in the range 10-4 _10-6 Torr. Previously, they were etched for -10 min in a solution consisting of 1 part HN0 3 and 3 parts Hel. Thermal oxidation studies involved temperatures in the 500-800-K range, with exposures of 5-30 min. X-ray spectra revealed that the oxide formed consists of mostly crystalline Ti0 2 , but also Ti 2 0 3 and TiO. No evidence was found of the presence of Be-, Zr-, or amorphous-oxides. These results are consistent with the available data on thermal oxidation ofTi, and other Ti alloys.9-12
The 5309-A line of a cw Kr+ laser was used to irradiate the samples. Power densities P were in the range 5-15 k W cm -2, with the beam polarized in the plane of incidence. Lower values of P did not result in an observable oxide growth after ~ 120 min of photon exposure. The same beam served as a source to obtain Raman data from the layers. Typical results are shown in Fig. 1 . Based on a comparison with a previous report on evaporated films, I3 the broad features in the spectra are assigned to amorphous Ti 2 0 3 • Electron micrographs of the samples show no inhomogeneities to the limit of resolution of the microscope (;:::: 10 A), further confirming the amorphous nature of the oxide.
The oxide signal as a function of irradiation time is shown in the inset of Fig. 1 . The Raman intensity is expected to be proportional to the layer thickness (d ), if d:S D (D is the penetration depth of the light). Otherwise. it should not depend on d. Accordingly, the plateau that develops above ;:::: 3 X 10 3 s is identified with d ~ D. The optical constants of our films were not determined. However, the reflectivities were found to be close to values reported for crystalline Ti 2 0 3 , 14 i.e., 10-20%. This suggests that the optical properties of the amorphous and crystalline forms are likely to be similar. For the latter, D~ 10 3 A.IS This figure should be considered as a crude estimate of a lower bound for d.
The behavior of the Raman intensity before the plateau is reached shows that the oxidation rate increases with d.
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This is opposite to what is usually observed in pure thermal oxidation and, consequently, it implies a rate enhancement. The reflected beam intensity, also monitored during irradiation, reveals an associated increase in the power adsorbed from ~ 45% (t = 0) to ~ 85% in the plateau. Both effects are clearly related; the increase in the growth rate follows the rise in local temperature (T L ) due to the strong absorption of the growing oxide. We have estimated an upper limit of T, -400 K att = 0, and TL ~ 1100 K for d~ D.17 For a typical activation energy of 10 4 K, the ratio of the corresponding thermal factors is ~ 10 7 . It is clear that such an increase in the oxidation rate will overcome any possible decrease with d associated with other mechanisms.
In the considered scheme, amorphization results from "rapid" growth at low crystallization rates. The latter condition seems to be fulfilled in our case where the estimated growth temperatures are far below the melting point of Ti oxides (~2ooo K). The process by which an increase in d leads to rise in TL (which further stimulates the growth) gives oxidation rates that are "rapid" when compared to those of constant TL oxidation. This mechanism, however, does not explain why we obtain Ti 2 0 3 instead ofTiO z , which is the dominant composition found in Ti scales.
